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4LBSTRACT

This pcper is concerned with gome of the metcorologicel con-
ditiong vssocicted with the irtensive rcinfall over Kunsas which
rosulted in onc of the mcjor floods in the Middle West on July 13,
1951. The mnjor cdomeges were in tho industrial arcas of Kenscs City,
Kunscs, ond Kenses City, Missourd,

Thoe precipitction hed a diurnal maxdmum neer 3 AM. loccl time
end minimum during lcte afternoons. Fram July 9th to the 13th there
wcs a stotionary front clong the border of Kanscs and Oklahoma. The
circulection in the lover layers was such that there was o component
of wind up the frontcl slope. This nortanword component of the wind
2lso hed ¢ diurncl voriction which ocgreed closely with the diurnal
veriation in precipitation. There was convoergence ct 10,000 ft. over
the precipitetion crea moat of the time throughout the pcriod. The
slight diurnel vuriation in the difference betwcen the tamperaturo
end dewpoint in the lower layer of cir being lifted was also a fac-

tor which added to thc diurnal veriation in precipitction,



1. IRTRODUGTION

A major flood developed in the Central United States July 13,
1951. The greatest damages were in the industrial areas of Kansas City,
Kansas and Kansas City, Missouri. According to flexender {1} , pre-
liminary estimates indicated one billion dollars uf physicel damege
and an equal arount in losses due to interruption of business and
production.‘ The loss of 17 lives may be attributed directly to the
flood.

.Most of the rgcinfall contributing to the flcod occurred from
the Gth to the 13th of July inéluaive. It appears from the U. S.
Weather Buresu data that the lorger amounts of precipitation during
this period were more or less concentrated over the northern and
eastern parts of Kansas. During this five-day period some official
Heath;r Bureau rein gages measured over 15 inches while some unofficial
gages reported more than 17 inches. The isohyetal map in fig. 1,
taken from [2] , shows the exceassive rainfzll pattern for the storm.
With such hecvy rainfcll day after day, the soil soon became completely
saturated, resulting in heavy runoff into the streoms which finally
overflowed their banks,

fccording to Handeby [3) , the runoff vzlue approached very
close to 100 per cent by the ond of the period. Runoff values were
large because the soil at the beginning of the period wus still quite
wet from the excessive precipitation in June. The ischyetel mep in
fig. 2, token from (2] , shows the reinfell petterns for June 1951.
According to the U. S. Weather Bureau publication of climatologicel
data [47] , the average rainfall over Kanses for June 1951 wes 9.55

inches. This weas 5.58 inches cbove normal.
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. A very interesting fecture, which is not obvious from the
ordinary analysis of the surface weather mapa of 0030 GMT and
1230 GMT (figs. 6 through 11] at the end of this paper, is the
diurnel variation of precipitation. Ia fig. 3 the number of stations
reporting roinfall in Kansas wae plotted for ecch hour during the
five-dey period. Flg. 4 shows the total amount of rainfall each
hour during the period. Fig. 5 shows the cvergge rainfell per
reporting station in Kansas for each hour during the period. These
three graphs were prepared from the Climatologiccl Dete for Xansas [5]
to esteblish firmly the fact that there was a diurnel veriation in
precipitation during the storm period. It is cbvious'that one should
be more concerned with quantitetive considerations of diurnal varia-
ticns while investigating ¢ flood problem, but, as faor as the scope
of this peaper is concerned, it wrc felt thot these grephs would be
sufficient,
2, SURFACE ANSLYSIS

The series of surface wecther meps, figs. 6-11, is for the

period July 10-13, 1951. .. cold front moved over the northern plains
to Kensas orn the 8th with no apprecicble rainfall being reported. fis
the front moved snuthword it decelercted, becoming stationery in southern
Kansas end northern Oklchauna by the cfterncon of thc 9th. This i
showr. in fig. 6. The wedge of cold cir behind the front, evcn though
relctively thin, wes sufficient to produce clouds, scottared showers
and thunderstorms in the worm air noving northwerd over the frentel
surface. This condition preveiled for geveral days. During this time

the front remcired precticclly stetionary and there wes a diurnal
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variction in precipitation. It wns not determined in this investiga-
tion whether or not there was a widening of the frontal rain belt
during the night &s was suggested by Dexter f6] . Finally the front
bogon to move slowly southward, as shown ir fig. 11, with diminishing
rain and thunderstorm activity especiclly over the area wc are con-
cerned with, The timoes of thc surfaco wecther meps do not correspond
to the times ot which maxime and =inima of the diurnal veriation in
preccipitation occurred. Therelfore the grectest degree of diurnal
variction could not be detoctod from these surface weather mweps clone.
3. CONDITIONS ALOFT AND DIURN/L VARIALTION IN PRECIPIT.LTION

It wns nointod out by Cerr [7] that tho characteristic flow
pattern of the middle tropospncre air over the western part of North
Americe during Junc cnd tha ecrly part of July, consisted of ¢ north-
scuth ridge of high pressurc over thc Gulf of Alcska end a trough of
low precssure extending fram the Dckotas southwestword to Neveda and
Utah, Once this trough is formed it usuclly lcsta for severcl deys.
This condition wus prodominent during the period under corsiderction,
as is shown on the 70C-mb charts, fige. 12-14. However, during the
lotter part of the period the trough discp-cored (sce fig. 17). The
porsistence of the ridge in the ilnsikan Gulf is considorod to be 2
very important fecture in the study of such troughs. The ridge might
be thought of os ¢ parcnt to the trough boccusc onco the ridge is
formed, o trough will develop downstrcem, This fcct might be ex-
pleined, in port, by c considcration of Rocsby's idec of constant

vorticity trcjoctorics. Alternctively, Coarr [7 3 describes Wobus?
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cxplenaticr. of this dynamic factor (unpublished paper not aveileble to
writcr) in the fellowing menner. "Assuming that air percels cpprocch-
ing the ridge from the southuest hove o fedrly high speed (as is often
obscrvod) thay will not only feil to curve with the contours but will
move across them toward lower contour heights, resulting in cccelcra-
tion. Then, if the geostrophic wind o5 indicated by the contour gra-
dient tec the cost of tho ridge is less than the ccturl wind soecd

(cs is frequently observed), the cir parcels must curve to tho right.
In doing s0 thoy move toward higher cortours, decclercte, ard later
recurve to the loft, the trajectory toking the form of & trough.

e+sse His thcory assumos thet the contour field tonds eventunlly to
beccome adjustod to the wind flow, rcquiring for the formaticn of the
trough thrt the atmosphere undergo nct horizontal mass divergence in
the arca of trough formction."

In this irvestigction, therc wes found in the troposphore,
espceelielly at the 700-mb surface, a persistent ridge in cxtreme
wostern Conade end ¢ trough oricnted meinly northecst-southwest {rom
the Dakotes tc Nevada and Utch., Rain, mostly in the form of showers,
was occuring north of thc stctionary front. Later in the period, the
ridgec of high pressurc weckoned end greduclly moved castward. Tho
trough then disapocorod. By this time, the stctionnry front through
southcrn Kansas and northern Oklahom: began to move southword. Then
rair cecesed over Kansas,

This investigotion inclwied wind ficld cnalyscs ut onc lovel only

bocruse of time liritoticns, Tt was deocided to focus cttontion on
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the 10,000-ft level. This lovol was cheoson for two recsons. First,

it was desirable to select o lovel acbove the friction leyer so as
to minimize the number of singular points in the wind ficld, ond
which will he more or loss representctive of the flow in the lower
troposphoro. Secondly, it was desirable to consider a surfaco be-
low the level of nondivergence so thet tho divergence computed on
this surfece would be representative of the lower layer.

¥ird £icld analyscs were maode for the 10,000-ft level twice
daily at 0300 GMT and 1500 GMT during the pcriod. All available

wind dote were used in proporing the isogon-isovel mnalyses. Stroom-
lines verc drawn on these isogon-isovel maps. Figs. 15-16 show the

10,000-ft strcamlines end isovels at 0.0 GMT and 1500 GMT on tho 12th
of July 1951. Tho cheoracteristic flow patterns on these two maps are

considered to be very nocrly representativo for this lovel throughout

the period,.

Fiolds of tne horizontzl velocity divergence were computed

from thc isogon-isovel mcps by the use of the Graham Computer [81.

Soac of these arc shown in figs. 18-21. It can be seen from these
maps that most of tue strte of Kansas wos in a zone of convergence
at 10,000 fect throughout the period of lorge diurncl veriction in
precipitation. It should be noted, howuver, that horizontel con~
vergence for only onc lovel is shown, To obtein c repreosentative
valuc of the convergonce in the lower layor it is obvious that
cne must consider more then just one level,

The diurnal variation in precipitotion agrees very closely

with the veriation of thc northwerd componcnt of the wind in the
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wari air which is being liftcd along the frontel surface. In fig, 22
groephs (e)-(m) are the profiles of the northward componont of the wind
at Oklahoma City, Oklehoma. Whenever wind data from Oklahcema City
were missing, wind dato at Tulsa, Oklahoma were substituted. These
profilcs arc for every six hours from 0900 GMT on July 10th to 0300 GMT
on the 13th,

[ These profiles cleorly show that the strongeat northwerd com-

ponent of the wind throughout the period occurred at 0900 GIT at a
height of 2,000 to 3,000 foet above the station. The times of this
strong northwvard component of wind agrec very closely with the times
et which there were diurnsl meximc of precipitation. To obtain o
.relativo mecosurement of the mass of air moving northward, the arcas
of the profiles under 8,000 feet were measured in percentoge of the

: . arec. at 0300 local time, July 10, 1951. These porcontoge mecsurements

; arc shown in tcblo 1.

If it i3 assumed that there is no timo variation of the air

e e—

5 density at any given lovel between the surface and 8,000 feet, it
can ecslly be scen from the profiles and toble 1 that the observed

relative tronsport of cir northwerd wes grester at 0900 GMT than

at any of the other observation times. This meximm mass traonsport
also agrees closely with the timos of diurnel mexima in procipitation.
After studying the profiles and table 1, one mcy suspect that the
maximum northwerd component of the wind and the maximum peorcentcge
arco of the profile occurred o short time before 0900 GMT. If one
correlatus the movement of mess of air up the frontel surfoce with the

encunt of roinfell, ono muet coasider s time lag, the time regquired

~
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for tho procipitation to reach the ground and be recorded. A time
lag of cno to two hours scams rcasoncble.

TABLE 1

PERCENT/.GE LREAS OF THE WIND PROFILES IN FIG. 22

(c) 100 0300 7/10/51
() 65 0900

(c) 59 1500

(d) (nissirg)

(e) 8e 0300 7/11/51
(f) 50 0900

(e) 45 1500

(h) 60 2100

(1) 69 0300 7/12/51
(3) AT 0900

(x) 52 1500

(m) 51 2100

If such a timc log is considcred 1: this invostigction and tho
neximum mass of cir moved up the frontel surface o short time beforo
0900 GMT, the agrecment in tho timcs of moximum precipitetion and the
meximum oir movement s improved.

Lnother matter for consideration is the amount of 1lifting
nccessary to produce condensation. This was considerod by investiget~

ing the rodiosonde observations at Oklchoma City during the poriod.

T — T T
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The average omount of 1ifting necesscry to produce condensation was
computed at 0300 GMT and 1500 GMT on the 11th ond 12th of July 1951.
In the computation of these cerages, tho cmount of 1ifting requirod
was deteamincd from o Stuve dingres for zelocted points on the sounding,
the selocted points being nli significant polnts from the surface to
850 mb inclusive. In most ccies only throo points were used. Those

averagos arc chown in tablo 2.

T/{BLE 2

AVERAGE /MOUNT OF LIFTING NECESS/RY TO PIODUCE CONDENSATION
IN THE WJYER OF AIR DFTVERN THE SURF/CE /ND 850 MB AT
CKWwHM CITY

- S —
Date Time (GMT) Amount of Lifting (ft)
July 11, 1951 0300 2300
July 11, 195 1500 2600
July 12, 1951 0300 2400
July 12, 195 1500 3200

The soundings at 0300 GMT (9 P.M. local time) indicate that
surfece cooling had alrccdy begun. Soundings at 1500 GMT (9 AWM.
local time) show ¢ dry odiabatic lapso rete in a vory thin lgyor near
the earth's surfoce.

In each of the abovo ccses there is a marked incrccse of 1ifting
neceseary to producc condansaticn of tho lower lgyer of air, from the
evening to tho morning soundirgs. It is quito poasible that if sound-
ings worc availcblo for 0900 GMT and 2100 GMT they would show ¢ grecter
differonce, beccuse soundings at thosc timos would show ¢ grecter cmount

of rcdintionzl cooling cnd doytimo hecting respoctively.
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Mocns (9] suggosts thrt the cdvection of werm cir in the lower
loyors 13 an important foctor in the dovolopment of nignt-time thunder-
storms in Mid-western U. S. In the investigation of this situction,
it vas found thet frontcl 1ifting scomed to bo ¢ much moro importent
factor.

4. CONCLUSION

In this investigation it wcs found thet there wes o merked
incrocse in the trunsport of cir up the frontel surfcee from 2100 to
0900 GMT with c prok:ble maxizum shortly i)ofore 0900 GMT. 4lso,
thore wes ¢ decreocse in the transport of cir up the frontsl surfcce
from 0900 to 2100 GMT. Since the amount of lifting nccesscry to
produce condonsction is a function of the difference betwoon the tem-
percture ond dewpoint, the diurnal veriction in this difference,
howecver smzll, producod & noticeahle offect. Tho lcyer of cir below
850 mb at 0300 GMT required less lifting to produce condemsction then
it did ct 1500 GMT. The combination of these factors cnd possibly
others, resulted in cn incrccse in procipitation during the night
and a decrocse during tho dry.
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